ABSTRACT: Adiaspores of the fungus Emmonsia crescens were detected microscopically in the lung tissue of 13% of 10,081 small mammals belonging to 24 species examined in 14 areas of the Czech Republic between 1986 and 1997; 441/1,934 (23%) Rattus norvegicus) . The overall prevalence of emmonsiosis was significantly higher in adult (19%) than in juvenile (7%) mammals, and in rodents (13%, and 20% in adults) than in insectivores (2%, and 4% in adults). The frequency of infected mammals also varied according to geographic area, altitude, habitat, and season.
INTRODUCTION
Emmonsiosis (adiasporomycosis, adiaspiromycosis) is a pulmonary infection of mammals (including man) caused by dimorphic fungi of the genus Emmonsia (Onygenaceae: Currah, 1985) : E. crescens of Emmons and Jellison (1960) (ϭE. parva var. crescens of van Oorschot, 1980 ; teleomorph Ajellomyces crescens of Sigler, 1996) or, less often and in warm dry climates only, E. parva described by Ciferri et Montemartini (1959) (ϭE. parva var. parva of van Oorschot, 1980) . Fungi of the genus Emmonsia are phylogenetically closely related to the causative agents of blastomycosis, histoplasmosis, and paracoccidioidomycosis (McGinnis et al., 1992; Leclerc et al., 1994) . The infection by E. crescens is characterized by the development of large, thick-walled spherules called adiaspores, measuring as much as 700 m, and originating from minute (2-4 m) subglobose conidia after their inhalation in the lungs of mammalian hosts (Fig. 1) . Expanding adiaspores, especially at their higher density in the tissue, lead to collapse of the adjacent alveoli and cause respiratory distress or even failure in the mammalian host. However, the infection with Emmonsia sp. is often symptomless. Emmonsiosis has been found widespread among small mammals in many parts of the world, including Czechland (Emmons and Jellison, 1960; Dvořá k et al., 1973; Křivanec, 1977; Hubá lek et al., 1991) . The present paper summarizes the results of our long-term survey of small mammals for emmonsiosis. The extent of the material (Ͼ10,000 specimens) has made possible an evaluation of various ecological variables that could affect the distribution of emmonsiosis among small mammals.
MATERIALS AND METHODS
Small mammals were caught in snap-traps in 14 areas of Czechland (see Table 2 for map coordinates) during the years 1986 to 1997. Captured animals were identified to species, weighed, and sexed. For the purpose of this study, sexually active animals and those in sexual regression were considered as adults while all others were considered to be juveniles.
Complete lungs of the captured mammals were placed in 2% potassium hydroxide solution in 10-ml glass tubes overnight, and then the whole lung tissue (usually 7 to 20 compression slides) was examined for typical adiaspores of E. crescens microscopically at ϫ32 magnification. Adiaspores were counted, and their diameter measured at ϫ150 magnification. The intensity of infection was classified as either low (1 to 9 adiaspores), moderate (10 to 99 adiaspores), high (100 to 999 adiaspores), and very high (Ն1,000 adiaspores per animal).
All data were stored in a database (dBASE III Plus, Ashton-Tate, California, USA) as records including the following fields: protocol number, mammalian species, sex, age category, weight, collection date, site, altitude, habitat type, number of adiaspores, and their average, maximum and minimum size. The data were exported in, and evaluated statistically with, the SOLO package (BMDP Statistical Software, Los Angeles, California, USA) using chi-square and Fisher's exact 2 ϫ 2 tests for prevalence rates (homogeneity of proportions in contingency tables), t-tests for adiaspore size differences, and three nonparametric tests (MannWhitney, Kolmogorov-Smirnov, Kruskal-Wallis) to compare the intensity of infection (the number of adiaspores per infected animal) among host species. The level of significance was set at P ϭ 0.01 of the null hypothesis.
RESULTS
Of the 10,081 animals examined, 1,262 (13%) were found infected. All adiaspores were typical of E. crescens, distinguishable from those of E. parva by their size. Overall, emmonsiosis was significantly more frequent in adult (19%) than in juvenile (7%) animals, but it was uniformly distributed between males (12%, adult males 20%) and females (13%, adult females 19%). Therefore, the age effect has been taken into consideration during all other analyses.
Three insectivore and 10 rodent species were infected of 24 small mammalian species examined (Table 1) . These involved the common shrew (Sorex araneus), water shrew (Neomys fodiens), lesser whitetoothed shrew (Crocidura suaveolens), common hamster (Cricetus cricetus), muskrat (Ondatra zibethicus), water vole (Arvicola terrestris), field vole (Microtus agrestis), common vole (M. arvalis), pine vole (M. subterraneus), bank vole (Clethrionomys glareolus), yellow-necked mouse (Apodemus flavicollis), wood mouse (A. sylvaticus) and pygmy field mouse (A. microps) . Interestingly, the infection was not (11) 23/265 
arvalis, M. subterraneus).
The prevalence of rodent emmonsiosis differed significantly among geographic areas ( Table 2 ). The highest rate was recorded in the lowland river valleys (Mikulov, Břeclav, Vnorovy) whereas the lowest prevalence was in the mountainous areas (Š umava, Krušné Hory, Jeseníky, Beskydy, Ž d'á rské vrchy). Examined animals were caught at altitudes between 153 and 1,470 (x ϭ 386) m above sea level. The altitude affected the distribution of emmonsiosis among rodents significantly; they were most often infected at 400 to 599 m, whereas altitudes Ͼ800 m seem to be less favorable for the fungus (Table 3) . Very similar results were obtained when the analysis was done for adult animals only (data not shown here). Emmonsiosis also varied significantly according to habitat (Table 4 ). The rodents caught in farmland windbreaks and small coppices with deciduous trees were significantly more often infected (31%, and 49% of adults) than those from most of the other habitats. Very high prevalences also were found in rodents from other uncultivated openland habitats such as balks, shrubby and/or grassland rocky slopes, and fishpond banks. Conversely, the lowest infection rate of mammals was recorded on small (new-built and virtually treeless) islets on a lake (2%, and 3% in adults), in arable fields (cereals, root crops, oil plants, lucerne, or clover), meadows, and coniferous (spruce, pine) forests.
The prevalence of emmonsiosis was markedly higher in winter and spring than in either summer or autumn in seven common rodent species tested (Table 5 ). All differences among seasons were significant except for those between spring and winter, and summer and autumn. In adult mammals, the prevalence rates differed significantly even between summer and autumn.
Overall, 2% of mammals (and 3% of adult mammals) had a high or very high intensity of infection (Ն100 adiaspores). The highest proportion of these heavily infected animals was found in A. flavicollis (3%, and 5% in adults), M. subterraneus (2%, and 5% in adults) and A. sylvaticus (2%, and 4% in adults). In 6% of all mammals (8% of adult mammals), Ն10 adiaspores were detected. The average intensity of Emmonsia crescens infection was 122 adiaspores per infected animal (135 in adults), with a maximum of 22,030 adiaspores in an A. sylvaticus and a minimum of only one adiaspore in 266 cases. The mean infection intensity values varied among the mammalian species (Table 6 ), but they did not differ significantly between adult and young animals. However, the arithmetic average of the mean number of adiaspores per infected animal is not a relevant measure, because distribution of the infection intensity deviates greatly from the normal distribution. Therefore median (M) represents a much better index for evaluation of infection intensity among animals (Table 6) ; it was estimated by three nonparametric tests that infected A. flavicollis and A. sylvaticus harbored significantly more adiaspores than C. glareolus and M. agrestis. All other pair-wise species comparisons were statistically insignificant. The 75th percentile in Table 6 means that 75% of infected animals had the indicated or a lower number of adiaspores. Reinfection, as determined by adiaspores of two considerably distinct size classes present in the lungs of an animal (Hubálek et al., 1993) , was found in 12% of all infected mammals and did not differ significantly between adult and young animals. The reinfection rate fluctuated slightly among individual species, it was 16% in A. sylvaticus, 17% in A. microps, 
DISCUSSION
The prevalence rate of rodent emmonsiosis found in this survey (13%, and 20% in adults) is very similar to the previously published data from South Moravia, Czech Republic (14 to 16%, and 20 to 21% in adults: Hubá lek et al., 1991 Hubá lek et al., , 1997 . In other Czech studies, Prokopič (1971) found only 2% of 6,506 rodents infected, whereas Křivanec (1977) detected emmonsiosis in 12% of 1,174 rodents examined. The differences in the mean prevalence of emmonsiosis in small mammals can be affected by the method used. In this survey, the whole lung tissue was examined microscopically which ensures detection of even small-sized adiaspores not identifiable under low magnification used, e.g., with compressors for trichinoscopy. Table  6 shows that of the 1,262 infected animals, as much as 706 (i.e., 56%) had Ͻ10 adiaspores in their lungs. Therefore, many of these animals would be missed as infected if a less sensitive method of detection had been used or only part of the lungs had been inspected.
The present results confirm previous studies (Prokopič, 1971; Dvořák et al., 1973; Hubálek et al., 1991 Hubálek et al., , 1993 that host sex does not play a role in the distribution of emmonsiosis, while the pronounced age effect reflects the prolonged exposure of the host to the fungal agent in the environment. Emmonsiosis was more frequent in the genus Clethrionomys than in the two other rodent genera, Apodemus and Microtus; similar data were published by Doby et al. (1971) . The distribution of emmonsiosis also fluctuated between seasons (Dvořá k et al., 1969; Hubálek et al., 1993) and among habitats. The results confirmed our previous data that, within an agroecosystem, emmonsiosis is much more frequent in rodents from windbreaks and field coppices than in those from the adjacent arable fields (Hubá lek et al., 1995) .
The mean intensity of infection (mean and median number of adiaspores per infected animal) was higher in the genus Apodemus than in Clethrionomys. Conversely, the mean diameter of adiaspores was greater in the genus Clethrionomys than in Apodemus; very similar results were obtained by Boisseau-Lebreuil (1970) and Hubá lek et al. (1991) .
